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TXDOLWDWLYHO\YDOLGDWLQJWKHVFDYHQJLQJPRGHOWKHFDOFXODWHGVFDYHQJLQJHIILFLHQF\YHUVXVGHOLYHU\UDWLR
SORW ZDV FRPSDUHG WR UHVXOWV GHULYHG E\ XVLQJ &)' DQDO\VLV IRU D VLPLODU HQJLQH > @ IRU DQ
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UHVXOWV UHSRUWHG LQ >@ZKLFK LQGLFDWHV WKDW WKHPRGHO LV DGHTXDWH IRU UHSUHVHQWLQJ WKH VFDYHQJLQJ
SURFHVV
$ WZR]RQH PRGHO ZDV DOVR XVHG WR UHSUHVHQW WKH F\OLQGHU FORVHG F\FOH $FFRUGLQJ WR WKLV WKH
FRPEXVWLRQFKDPEHULVVXEGLYLGHGLQWRWZR]RQHVWKHXQEXUQHG]RQHZKLFKFRQWDLQVXQEXUQHGPL[WXUH
LHDLUDQGIXHODQGWKHEXUQHG]RQHZKLFKFRQWDLQVEXUQHGPL[WXUH%RWK]RQHVVWDWHVDUHGHVFULEHG
LQWHUPVRISUHVVXUHWHPSHUDWXUHYROXPHDLUIXHOUDWLRDQGVSHFLHVFRQFHQWUDWLRQ7KHVHSDUDPHWHUV
DUH FDOFXODWHG E\ VROYLQJ DW HDFK WLPH VWHS LQ HDFK ]RQH WKH HQHUJ\ FRQVHUYDWLRQ HTXDWLRQ WKH
FRQWLQXLW\HTXDWLRQDQGWKHLGHDOJDVHTXDWLRQFRQVLGHULQJWKHFKHPLFDONLQHWLFVWKHZRUNLQJPHGLD
SURSHUWLHVDQGWKHF\OLQGHUYROXPHDORQJZLWKLWVFKDQJH
7RSUHGLFWWKHQLWURJHQR[LGHV12[HPLVVLRQVWKHH[WHQGHG=HOGRYLFKPHFKDQLVP>@ZDVXVHG
DQGFDOLEUDWHGDWORDGDFFRUGLQJWRZKLFKWKHQLWURJHQPRQR[LGH12FRQFHQWUDWLRQLVFDOFXODWHG
E\XVLQJWKHIROORZLQJHTXDWLRQ
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7KH12FRQFHQWUDWLRQLVDVVXPHGWRDSSUR[LPDWHWKH12[FRQFHQWUDWLRQDVWKHIRUPHULVFRQVLGHUHG
WKHSUHGRPLQDQWQLWURJHQR[LGHSURGXFHGLQVLGHWKHHQJLQHF\OLQGHU$VWKHWKHUPDO12[IRUPDWLRQ
WDNHVSODFHLQWKHEXUQHG]RQHWKHEXUQHG]RQHWHPSHUDWXUHZDVXVHGDVLQSXWLQWKH12[PRGHO
)RUHYDOXDWLQJWKHHQJLQHFRPEXVWLRQVWDELOLW\WKH:RUUHWNQRFNLQJFULWHULRQ>@ZDVFRQVLGHUHG
DFFRUGLQJWRZKLFKWKHSUREDELOLW\RIWKHHQJLQHF\OLQGHUVNQRFNLQJLVFDOFXODWHG,QWKLVPRGHOWKH
SUREDELOLW\ RI NQRFNLQJ LV HVWLPDWHG E\ PHDQV RI DQ LQGXFWLRQ WLPH LQWHJUDO ,. DQG D FRQVWDQW
SDUDPHWHU.ZKLFKDUHFDOFXODWHGDFFRUGLQJWRWKHIROORZLQJHTXDWLRQVDVUHSRUWHGLQ>@ 
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7KH IRUPHU WDNHV LQWR FRQVLGHUDWLRQ WKHSUHVVXUHWHPSHUDWXUHKLVWRU\ LQ WKHFRPEXVWLRQ FKDPEHU
ZKHUHDVWKHODWWHUUHSUHVHQWVDTXRWLHQWRIWKHFRPEXVWLRQSURJUHVVEHWZHHQWKHVWDUWRINQRFNLQJDQG
WKHHQWLUHFRPEXVWLRQGXUDWLRQZKLOVWLWDFFRXQWVIRUWKHFRPEXVWLRQFKDPEHUVSDFHZKLFKGHSHQGVRQ
GLIIHUHQWTXDQWLWLHVHJFKDQJHPRWLRQOHYHOFRPEXVWLRQFKDPEHUVSDFHHWF7RREWDLQ,.DQG.WKH
IROORZLQJSDUDPHWHUVQHHGWREHFRQVLGHUHGDDVHWRIUHIHUHQFHSDUDPHWHUVLQFOXGLQJWKHFUDQNDQJOHV
DWDQGRIWKHEXUQHGIXHOPDVVIUDFWLRQWKHDLUIXHOUDWLRDQGDUHIHUHQFH.YDOXHWKDWDUH
FDOFXODWHGIRUDNQRZQF\FOH LQWKHNQRFNLQJERXQGDU\E WKHPRGHOFRQVWDQWVWKDWGHSHQGRQWKH
VHOHFWHG FRPEXVWLRQ PRGHO DQG F WKH XQEXUQHG ]RQH WHPSHUDWXUH 7KHQ WKH NQRFNLQJ VXEPRGHO
FDOFXODWHVDWHDFKRSHUDWLQJSRLQWWKHFUDQNDQJOHߠாEDVHGRQWKHFDOFXODWHG.YDOXHDVZHOODVWKH
FUDQNDQJOHߠ௄DWZKLFK,.EHFRPHVHTXDOWRRQH7KHIRUPHULVFDOFXODWHGDFFRUGLQJWRWKHIROORZLQJ
HTXDWLRQ ߠா ൌ ߠௌை஼ ൅ ܭ ?ߠ஼஽     
.QRFNLQJRFFXUVZKHQWKHIROORZLQJLQHTXDOLW\KROGVߠ௄ ൏ ߠா+RZHYHU,.DQG.KDYHDGLVSHUVLRQ
UDQJHRIDQGUHVSHFWLYHO\,QWKLVUHVSHFWWKHNQRFNLQJSUREDELOLW\LVFDOFXODWHGDFFRUGLQJWR
WKHIROORZLQJHTXDWLRQ ܲሺ݇ሻ ൌ  ? ? ? ቀ௞ܽ௣ ൅ ܾ௞௣  ቀ௱ఏ಼ವೃǡ೘ೌೣଶ ቁቁ௱ఏ಼ವೃ   
ZKHUH߂ߠ௄஽ோLVWKHFUDQNDQJOHUDQJHUHVXOWLQJIURPWKHVXSHULPSRVLWLRQRIWKH,.DQG.GLVSHUVLRQ
UDQJHV
&RQVLGHULQJWKHDERYHWRFDOLEUDWHWKHPRGHOSDUDPHWHUVDQHQJLQHRSHUDWLQJSRLQWLQWKHNQRFNLQJ
ERXQGDU\QHHGVWREHPRGHOOHG$VWKHRSHUDWLQJZLQGRZLVDOZD\VQDUURZHUDWKLJKHQJLQHORDGV>
@ SURSHU FDOLEUDWLRQ RI WKH NQRFNLQJ PRGHO SDUDPHWHUV DW WKLV ORDG UHJLRQ ZRXOG HQVXUH WKDW QR
DEQRUPDOFRPEXVWLRQZRXOGRFFXUDWORZHUORDGV+HQFHLQWKHSUHVHQWVWXG\WKHHQJLQHORDG
ZDVXVHGDVDUHIHUHQFHSRLQWIRUWKHFDOLEUDWLRQRIWKHNQRFNLQJPRGHOE\FRQVLGHULQJDSLORWLQMHFWLRQ
WLPLQJZKLFKZRXOGOHDGWRDQRSHUDWLQJSRLQWO\LQJRQWKHNQRFNLQJERXQGDU\
7KHYDOLGDWLRQRIWKHNQRFNLQJPRGHOSUHGLFWLYHFDSDELOLWLHVZDVSHUIRUPHGIRUDOOWKHLQYHVWLJDWHG
HQJLQHORDGVLQWKH')PRGHDQGZDVEDVHGRQWKHIDFWWKDWWKHH[DPLQHGHQJLQHGRHVQRWIDFHNQRFNLQJ
SUREOHPVDWDQ\RSHUDWLQJFRQGLWLRQDVLQGLFDWHGE\WKHHQJLQHPDQXIDFWXUHU>@6XEVHTXHQWO\WKH
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
FDOLEUDWHGPRGHOZDVXVHGWRFKDUDFWHULVHFRPEXVWLRQE\XVLQJWKHFDOFXODWHGNQRFNLQJSUREDELOLW\IRU
WKH LQYHVWLJDWHG RSHUDWLQJ SRLQWV GXULQJ WKH SDUDPHWULF LQYHVWLJDWLRQ SURFHVV ZKHUH YDULRXV
FRPELQDWLRQVRIHQJLQHVHWWLQJVFRXOGLQFUHDVHWKHSUREDELOLW\RINQRFNLQJ
,QWKH')PRGHWKHH[KDXVWJDVZDVWHJDWHRSHQLQJLVFRQWUROOHGE\XVLQJDSURSRUWLRQDOLQWHJUDO3,
FRQWUROOHUWRDGMXVWWKHFRPEXVWLRQDLUWRIXHOHTXLYDOHQFHUDWLRE\UHJXODWLQJWKHVFDYHQJHDLUUHFHLYHU
SUHVVXUH%\WKLVPHDQVFRPEXVWLRQLQVWDELOLWLHVLQFOXGLQJNQRFNLQJDQGPLVILULQJDUHSUHYHQWHG,Q
DGGLWLRQWXUERFKDUJHURYHUVSHHGDWKLJKHQJLQHORDGVLQGLHVHOPRGHFDQEHDYRLGHG
7RVHWXSWKHDLUFRROHUPRGHODFRQILJXUDWLRQRISLSHVDQG<MXQFWLRQVZDVXVHGDFFRUGLQJWRDRQH
GLPHQVLRQDOFRPSUHVVLEOHIOXLGG\QDPLFVFRQVLGHUDWLRQWRUHSUHVHQWWKHIORZDQGKHDWWUDQVIHULQWKH
IORZFRPSRQHQWVRIWKHHQJLQHV\VWHP,QWKLVUHVSHFWWKHGHVLUHGRXWOHWWHPSHUDWXUHRIWKHDLUFRROHU
ZDVHVWLPDWHGE\DGMXVWLQJWKHKHDWWUDQVIHUUDWHRIWKHSLSHREMHFWV7KHSUHVVXUHGURSDFURVVWKHDLU
FRROHUZDVVLPXODWHGEDVHGRQGDWDIURPVLPLODU')HQJLQHV
)LQDOO\WRVLPXODWHWKHHQJLQHRSHUDWLRQDWORDGVEHORZDQDX[LOLDU\EORZHUPRGHOKDGWREHVHW
XSDQGFDOLEUDWHGE\SURYLGLQJDVLQSXWWKHEORZHUFKDUDFWHULVWLFFXUYHSUHVVXUHLQFUHDVHYVIORZUDWH
$WVXFKORDGVWKHDLUUHTXLUHGIRUWKHRSHUDWLRQRIWKHHQJLQHLVVROHO\SURYLGHGWKURXJKWKHDX[LOLDU\
EORZHUZKLOVWZKHQWKHDX[LOLDU\EORZHUVDUHGHDFWLYDWHGWKHVFDYHQJHDLUUHFHLYHUIODSVDUHVKXWRIIWR
SUHYHQWWKHDLUEDFNIORZ+HQFHDGHWHUPLQLVWLFORJLFFRQWUROOHUWKDWHPSOR\VFRQGLWLRQDOSURJUDPPLQJ
LQWRWKHPRGHOZDVGHYHORSHGDQGXVHGWRDFWLYDWHRUGHDFWLYDWHWKHDX[LOLDU\EORZHUDQGLVRODWHRUIUHH
WKHDX[LOLDU\EORZHUDLUSDWK
5HVXOWVDQG'LVFXVVLRQ
(QJLQHRSHUDWLRQLQYHVWLJDWLRQ
7KH HQJLQH RSHUDWLRQXQGHUVWHDG\VWDWHFRQGLWLRQVZDVH[DPLQHGE\SHUIRUPLQJVLPXODWLRQUXQV
LQ D ORDG UDQJH IURP  WR  RI WKH PD[LPXP FRQWLQXRXV UDWLQJ 0&5 SRLQW 3UHOLPLQDU\
FDOLEUDWLRQRIWKHPRGHOFRQVWDQWVZDVSHUIRUPHGIRUDUHIHUHQFHSRLQWHQJLQHORDGDQGVLPXODWLRQ
UXQV ZHUH FRQGXFWHG 6XEVHTXHQWO\ WKH ILQH WXQLQJ RI WKH PRGHO FRQVWDQWV ZDV SHUIRUPHG DW WKH
UHIHUHQFHSRLQWIRUREWDLQLQJUHVXOWVRIDGHTXDWHDFFXUDF\1H[WVLPXODWLRQUXQVDWWKHRWKHURSHUDWLQJ
SRLQWZHUHSHUIRUPHGE\FRQVLGHULQJWKHSUHYLRXVO\FDOLEUDWHGPRGHOVFRQVWDQWVDQGUHFDOLEUDWLQJWKH
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FRPEXVWLRQPRGHO7KHGHULYHGSHUFHQWDJHHUURUVEHWZHHQWKHPHDVXUHGDQGSUHGLFWHGSDUDPHWHUVDUH
UHSRUWHGLQ7DEOH
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)URP7DEOHLWFDQEHLQIHUUHGWKDWWKHVLPXODWLRQUHVXOWVDUHRIDFFHSWDEOHDFFXUDF\DVWKHREWDLQHG
PD[LPXP HUURU ZDV DURXQG  7KH PD[LPXP GHYLDWLRQ RI WKH VLPXODWLRQ UHVXOWV IURP WKH
PHDVXUHG GDWD SURYLGHG E\ WKH HQJLQH PDQXIDFWXUHU ZDV IRXQG DW WKH H[KDXVW JDV WHPSHUDWXUH
+RZHYHUWKLVSDUDPHWHULVFKDOOHQJLQJWREHDFFXUDWHO\PHDVXUHGLQSUDFWLFHDQGWKXVVXFKDGHYLDWLRQ
ZDVH[SHFWHGHYHQWKRXJKLWLVVWLOOZLWKLQWKHDFFHSWDEOHOHYHOVRIDGHTXDWHDFFXUDF\7KHUHIRUHWKH
GHYHORSHGPRGHOFDQEHFRQVLGHUHGDUHOLDEOHWRROIRUUHSUHVHQWLQJWKHHQJLQHVWHDG\VWDWHEHKDYLRXU
DQGDVDUHVXOWLWFDQEHXVHGZLWKILGHOLW\IRUWKHVXEVHTXHQWHQJLQHSDUDPHWULFLQYHVWLJDWLRQ
$VHWRIWKHGHULYHGVLPXODWLRQUHVXOWVLQFOXGLQJWKHHQJLQHSHUIRUPDQFHSDUDPHWHUVWKHFRPSUHVVRU
DQGWXUELQHHIILFLHQFLHVWKH12[DQG&2HPLVVLRQVWKHF\OLQGHUSUHVVXUHDQGWHPSHUDWXUHGLDJUDPV
DVZHOODVWKHFRPSUHVVRURSHUDWLQJSRLQWVVXSHULPSRVHGRQWKHFRPSUHVVRUPDSLVVKRZQLQ)LJ,Q
WKLVILJXUHWKHPDQXIDFWXUHUGDWDGHULYHGE\XVLQJWKH*HQHUDO7HFKQLFDO'DWD*7'SURJUDP>@DUH
DOVRSUHVHQWHG7KHFRPSDULVRQRIWKHVLPXODWLRQUHVXOWVDQGWKHHQJLQHPDQXIDFWXUHUGDWDDOVRYHULILHV
WKHSUHFHGLQJREVHUYDWLRQZLWKUHJDUGWRWKHVLPXODWLRQUHVXOWVDGHTXDWHDFFXUDF\
7KHHQJLQHSRZHURXWSXWDQGWKHEUDNHPHDQHIIHFWLYHSUHVVXUH%0(3ZHUHIRXQGWREHVLPLODULQ
ERWKGLHVHODQG')PRGHV,QWKH')PRGHWKHLQGLFDWHGPHDQHIIHFWLYHSUHVVXUH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LQFUHDVHV
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VOLJKWO\GXHWRWKHREWDLQHGKLJKHULQF\OLQGHUSUHVVXUHVFDXVHGE\WKHDGYDQFHGVWDUWRILQMHFWLRQDQG
FRQVHTXHQWO\WKHHDUOLHUVWDUWRIFRPEXVWLRQDVLWFDQDOVREHLQIHUUHGIURPWKHF\OLQGHUSUHVVXUHDQG
WHPSHUDWXUHGLDJUDPV7KLVVHWWLQJIRUWKHSLORWIXHOLQMHFWLRQZDVXVHGLQRUGHUWRDYRLGNQRFNLQJ$V
DFRQVHTXHQFHWKHIULFWLRQPHDQHIIHFWLYHSUHVVXUHVOLJKWO\LQFUHDVHVDVLWGHSHQGVRQWKHPD[LPXP
F\OLQGHUSUHVVXUH
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)LJ6LPXODWLRQUHVXOWVVWHDG\VWDWHFRQGLWLRQV
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
)LJ3DUDPHWULFVWXG\UHVXOWVIRUORDG
)URP WKH SDUDPHWULF UXQV GHULYHG UHVXOWV DW  ORDG SUHVHQWHG LQ )LJ  IRXU SRLQWV ZLWK D
IDYRXUDEOHWUDGHRIIEHWZHHQ&2DQG12[HPLVVLRQVZHUHLGHQWLILHG7KHVHSRLQWVVHWWLQJVDORQJZLWK
WKHRXWSXWSDUDPHWHUVSHUFHQWDJHFKDQJHVIURPWKHLUUHIHUHQFHYDOXHVDUHSUHVHQWHGLQ7DEOH7KHVH
UHVXOWVLQGLFDWHWKDWWKHUHLVDFRPELQDWLRQRIHQJLQHVHWWLQJVOHDGLQJWRDVLPXOWDQHRXVUHGXFWLRQRIWKH
12[DQG&2HPLVVLRQV7RVHOHFWKRZHYHUWKHRSWLPXPVHWWLQJVDFRPSURPLVHEHWZHHQWKH12[
DQG &2 HPLVVLRQV PXVW EH PDGH $V WKH FXUUHQW HQJLQH LV IXOO\ FRPSOLDQW ZLWK WKH ,02 7LHU ,,,
VWDQGDUGVZKHQRSHUDWLQJLQ')PRGHLWLVUHDVRQDEOHWRDVVXPHWKDWWKHILQDOVHOHFWLRQKDVWREHLQ
IDYRXURIUHGXFLQJ&2HPLVVLRQVDQGFRQVHTXHQWO\LPSURYLQJWKHHQJLQHHIILFLHQF\7KHUHIRUHSRLQW
1RLVFRQVLGHUHGWRSURYLGHDVHWRIRSWLPLVHGVHWWLQJVDWORDGOHDGLQJWRUHGXFWLRQRI&2
HPLVVLRQV DQG  UHGXFWLRQ RI 12[ HPLVVLRQV LQ FRPSDULVRQ ZLWK WKH UHIHUHQFH VHWWLQJV 7KLV
FRUUHVSRQGVWRVKLIWLQJWKHH[KDXVWYDOYHSURILOHE\GHJUHHV&$LQFUHDVHRIWKHVFDYHQJHDLU
SUHVVXUHDQGLQFUHDVHRIWKHFRPSUHVVLRQUDWLR1RWLFHDEOHLVWKHVOLJKWSHUFHQWDJHLQFUHDVHRIWKH
RXWSXW EUDNH SRZHU ZKLFK LQ SUDFWLFH GRHV QRW H[DFWO\ FRUUHVSRQG WR WKH  HQJLQH ORDG FDVH
+RZHYHUWKHHQJLQHORDGFDQEHUHWDLQHGDWLWVUHIHUHQFHYDOXHE\FRQVLGHULQJDQDOPRVWHTXLYDOHQW
SHUFHQWDJH UHGXFWLRQ RI WKH LQMHFWHG IXHO DPRXQW 6LPLODU ILQGLQJV ZHUH GHULYHG E\ DGGLWLRQDOO\


DQDO\VLQJWKHUHVXOWVDWDQGORDGVQRWSUHVHQWHGKHUHLQLQGLFDWLQJDQREWDLQHG&2HPLVVLRQ
UHGXFWLRQE\DQGD12[HPLVVLRQUHGXFWLRQE\
$VLPLODUVHWRIUHVXOWVIRUWKHHQJLQHORDGVLVSUHVHQWHGLQ)LJ)URPWKHVHLWLVLQIHUUHGWKDW
WKH RSWLPLVDWLRQ RI WKH  ORDG LV WKH PRVW FKDOOHQJLQJ DV WKH PD[LPXP SUHVVXUH H[FHHGHG WKH
SHUPLVVLEOHUHVSHFWLYHYDOXHLQWKHPDMRULW\RIWKHLQYHVWLJDWHGFDVHVZKLOVWWKHNQRFNLQJSUREDELOLW\
FRQVLGHUDEO\ LQFUHDVHG +HQFH DQ DGGLWLRQDO HQJLQH VHWWLQJV FRPELQDWLRQ SRLQW  KDG WR EH
LQYHVWLJDWHG7KHVHOHFWLRQRILQFUHDVHGFRPSUHVVLRQUDWLRIRUDOOWKHRWKHULQYHVWLJDWHGHQJLQHORDGV
UHQGHUHGWKLVVHWWLQJDV WKHWDUJHWHGRSWLRQDOVRIRU WKHORDGRSHUDWLQJSRLQW+RZHYHUDV WKH
PD[LPXPSUHVVXUHH[FHHGHGWKHSHUPLVVLEOHYDOXHLQWKHPDMRULW\RIWKHLQYHVWLJDWHGSRLQWVSRLQW
ZDVLGHQWLILHGDVDSRWHQWLDORSWLRQ,QWKLVSRLQWWKH&2HPLVVLRQVVOLJKWO\UHGXFHGZKHUHDVWKH12[
HPLVVLRQVFRQVLGHUDEO\LQFUHDVHGE\DURXQG
7DEOH3RWHQWLDORSWLPXPVHWWLQJVIRUORDG
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)LJ3DUDPHWULFVWXG\UHVXOWVIRUORDG


'HVSLWH WKH VLJQLILFDQW SHUFHQWDJH LQFUHDVH RI WKH 12[ HPLVVLRQV IRU SRLQW  WKH FDOFXODWLRQV
SHUIRUPHGIRUYHULI\LQJWKHFRPSDWLELOLW\RIWKHLQYHVWLJDWHGHQJLQHZLWKWKH,027LHU,,,VWDQGDUGV
>@UHYHDOHGWKDWWKHZHLJKWHG12[HPLVVLRQVDFFRUGLQJWR(RSHUDWLQJF\FOH>@VOLJKWO\LQFUHDVHG
E\DSSUR[LPDWHO\FRPSDUHGWRWKHUHIHUHQFHHQJLQHVHWWLQJV7KLVGHQRWHVWKDWWKHHQJLQHLVVWLOO
FRPSDWLEOHZLWKWKH,027LHU,,,VWDQGDUGV1RWZLWKVWDQGLQJWKHDERYHVXFKDSHUFHQWDJHLQFUHDVHPD\
QRWEHDFFHSWHGE\WKHPDUNHW
+HQFH DGGLWLRQDO SDUDPHWULF UXQV ZHUH SHUIRUPHG DW  ORDG WR LGHQWLI\ SRWHQWLDO DOWHUQDWLYH
HQJLQHVHWWLQJVZKLFKZRXOGOHDGWRUHGXFHG12[HPLVVLRQVDQGDORZHUPD[LPXPSUHVVXUH,QWKLV
UHVSHFWWKHIROORZLQJHQJLQHVHWWLQJVFKDQJHVIURPWKHLUUHVSHFWLYHUHIHUHQFHYDOXHVZHUHFRQVLGHUHG
DWORDGH[KDXVWYDOYHRSHQLQJDQGGHJUHHV&$H[KDXVWYDOYHFORVLQJ
DQGGHJUHHV&$DQGFRPSUHVVLRQUDWLRDQG7KHGHULYHGUHVXOWVVKRZQLQ)LJ
 LPSO\ WKDW HYHQ D VOLJKW LQFUHDVH RI WKH FRPSUHVVLRQ UDWLR ZRXOG OHDG WR KLJKHU 12[ HPLVVLRQV
FRPSDUHGWRWKHUHIHUHQFHHQJLQHVHWWLQJV7KLVFDQEHYHULILHGE\FRQVLGHULQJWKHSRLQWVDQGRI)LJ
WKHIRUPHUFRUUHVSRQGVWRDUHWDUGDWLRQRIWKHH[KDXVWYDOYHFORVLQJE\GHJUHHV&$WKHUHIHUHQFH
H[KDXVW YDOYH RSHQLQJ D  GHFUHDVH RI WKH VFDYHQJH DLU SUHVVXUH DQG D  LQFUHDVH RI WKH
FRPSUHVVLRQUDWLRZKLOVWWKHODWWHUFRUUHVSRQGVWRWKHUHIHUHQFHH[KDXVWYDOYHSURILOHDGHFUHDVHRI
WKHVFDYHQJHDLUSUHVVXUHDQGDLQFUHDVHRIWKHFRPSUHVVLRQUDWLR,QERWKFDVHVWKHPD[LPXP
ILULQJ SUHVVXUH LV ZLWKLQ WKH OLPLWV KRZHYHU WKH 12[ HPLVVLRQV LQFUHDVHG E\  DQG 
UHVSHFWLYHO\

)LJ3DUDPHWULFLQYHVWLJDWLRQDWORDGIRUDGGLWLRQDOHQJLQHVHWWLQJV


+HQFHWKHRQO\DOWHUQDWLYHVROXWLRQLQRUGHUVLPXOWDQHRXVO\UHGXFHWKH12[DQG&2HPLVVLRQVDWDOO
HQJLQHORDGVLVWRVHWWKHFRPSUHVVLRQUDWLRDWLWVUHIHUHQFHYDOXH%\GRLQJVRWKH12[&2HPLVVLRQV
WUDGHRIIZLOOEHLQIDYRXURI12[HPLVVLRQVZKLOVWWKH&2HPLVVLRQVDQGWKHHQJLQHHIILFLHQF\ZLOO
UHPDLQDSSUR[LPDWHO\XQFKDQJHGDVVKRZQLQ7DEOHVDQG
%\FRQVLGHULQJDOOWKHSUHFHGLQJLWFDQEHLQIHUUHGWKDWDQLQFUHDVHRIWKHFRPSUHVVLRQUDWLRPD\DLG
WKH VLPXOWDQHRXV UHGXFWLRQ RI WKH 12[ DQG &2 HPLVVLRQV DW DOO HQJLQH ORDGV LI WKH HQJLQH FRXOG
ZLWKVWDQGDVXEVWDQWLDOILULQJSUHVVXUHLQFUHDVHDWKLJKHQJLQHORDGV&HUWDLQO\WKHVHVHWWLQJVFDQQRWEH
DSSOLHG\HWGXHWRWKHLQF\OLQGHUSUHVVXUHOLPLWDWLRQVKRZHYHUWKH\VKDOOEHUHJDUGHGDVDIXWXUHRSWLRQ
ZLWK WKH HYROXWLRQ RI WKH HQJLQH GHVLJQ WR RSHUDWH DW KLJKHU SUHVVXUHV ZKLFK LV FXUUHQWO\ EHLQJ
LQYHVWLJDWHGE\WKHHQJLQHPDQXIDFWXUHU>@$OWHUQDWLYHO\WKHDGDSWDWLRQRIWKHYDULDEOHFRPSUHVVLRQ
UDWLRV\VWHPDV WKHRQHSURSRVHGLQ>@FDQIDFLOLWDWH WKHRSWLPLVDWLRQRI WKHHQJLQHVHWWLQJV LQWKH
YDULRXVORDGVOHDGLQJWRIXUWKHUUHGXFWLRQRIERWK&2DQG12[DQGWKHHQJLQHHQYLURQPHQWDOIRRWSULQW

&21&/86,216
,QWKHSUHVHQWVWXG\DPDULQHWZRVWURNH')HQJLQHZDVWKRURXJKO\LQYHVWLJDWHGE\XVLQJWKH*7
3RZHUVRIWZDUHWRUHYHDOLWVSHUIRUPDQFHDQGHPLVVLRQFKDUDFWHULVWLFVLQERWKWKHGLHVHODQG')PRGHV
DV ZHOO DV WR IXUWKHU RSWLPLVH WKH HQJLQH VHWWLQJV LQ WHUPV RI 12[ DQG &2 HPLVVLRQV WUDGHRII E\
FRQGXFWLQJSDUDPHWULFUXQV7KHPDLQILQGLQJVRIWKLVUHVHDUFKDUHVXPPDULVHGDVIROORZV
x 'HVSLWH WKH YDVW VRIWZDUH DQG '' PRGHOOLQJ FDSDELOLWLHV WKH HQJLQH PRGHO VHWXS LV
FRQVLGHUHGWREHDFKDOOHQJLQJWDVN+HQFHDQLQGHSWKXQGHUVWDQGLQJRIWKHHQJLQHRSHUDWLRQGHVLJQ
DQGFRPSRQHQWVDVZHOODVWKHYDULRXVVRIWZDUHFDSDELOLWLHVDQGWKHLUFRUUHVSRQGLQJLQSXWUHTXLUHPHQWV
LVHVVHQWLDOIRUGHYHORSLQJDUHOLDEOHHQJLQHPRGHO
x 7KH VLPXODWHG UHVXOWV H[KLELWHG VXIILFLHQW DFFXUDF\  PD[ HUURU WKXV HQVXULQJ WKH
ILGHOLW\RIWKHGHYHORSHG''HQJLQHPRGHO
x 7KHHQJLQHSRZHURXWSXWZDVIRXQGWREHWKHVDPHLQERWKWKHGLHVHODQG')PRGHVKRZHYHU
WKHLQGLFDWHGSRZHULQJDVPRGHLVVOLJKWO\LQFUHDVHGDVWKHKLJKHULQF\OLQGHUSUHVVXUHVOHDGWRVOLJKWO\
JUHDWHUIULFWLRQSRZHUDQGLQGLFDWHGSRZHU


x 7KHF\OLQGHUFRPSUHVVLRQSUHVVXUHUHGXFHVLQWKH')PRGHDVERWKWKHERRVWSUHVVXUHDQGWKH
DLUPDVVIORZUDWHDUHORZHUWKDQWKHUHVSHFWLYHYDOXHVRIWKHGLHVHOPRGHGXHWRWKHZDVWHJDWHYDOYH
RSHQLQJZKLFKLVXWLOLVHGWRFRQWUROWKHDLUWRIXHOUDWLRDQGKHQFHSUHYHQWNQRFNLQJDQGPLVILUH
x 7RDYRLGNQRFNLQJWKHSLORWLQMHFWLRQWLPLQJLVDGYDQFHGWKHHQJLQHFRPSUHVVLRQUDWLRLVORZHU
DQGWKHHQJLQHZDVGHUDWHGFRPSDUHGWRWKHUHVSHFWLYHGLHVHOHQJLQHYHUVLRQ7KLVOHDGVWRDQDGYDQFHG
VWDUWRIFRPEXVWLRQZKLFKDORQJZLWKWKHVKRUWHUFRPEXVWLRQGXUDWLRQUHVXOWVLQDILULQJPD[LPXP
SUHVVXUHVLJQLILFDQWO\KLJKHULQWKH')PRGHFRPSDUHGWRWKHGLHVHOPRGHRSHUDWLRQ
x 7KLV UHVXOWV LQKLJKHUHQJLQHHIILFLHQFLHVDQGKHQFH ORZHU&2 HPLVVLRQVZKLFKDUH IXUWKHU
UHGXFHGGXHWRWKHORZFDUERQWRK\GURJHQUDWLRRIQDWXUDOJDV7KH&2HPLVVLRQVZHUHIRXQGWREH
ORZHURQDYHUDJHLQ')PRGHFRPSDUHGWRGLHVHOPRGH*UHDWHUUHGXFWLRQLVREWDLQHGZKHQWKH
HQJLQHRSHUDWHVDWWKHKLJKORDGUHJLRQGXHWRWKHJUHDWHUGLIIHUHQFHEHWZHHQWKHHQJLQHHIILFLHQF\YDOXHV
RIWKH')DQGGLHVHOPRGHV
x 7KHWXUERFKDUJLQJXQLWPDWFKHVWKHHQJLQHHIIHFWLYHO\DVLWSURYLGHVVXIILFLHQWDLUTXDQWLWLHV
ZLWKKLJKHIILFLHQFLHVDWDOOORDGVLQERWKRSHUDWLQJPRGHV,QWKHGLHVHOPRGHWKHWXUERFKDUJHURSHUDWHV
FORVHWRWKHPD[LPXPVSHHGOLPLWZKHQWKHHQJLQHRSHUDWHVDWORDGVFORVHWRRI0&5+RZHYHU
WKHZDVWHJDWHRSHQLQJFRQWUROFDQSUHYHQWDSRWHQWLDOWXUERFKDUJHURYHUVSHHG
x 7KH12[HPLVVLRQVZHUHFDOFXODWHGWREHRQDYHUDJHORZHULQWKH')PRGHFRPSDUHG
ZLWKWKHGLHVHOPRGH7KHGLHVHOPRGHFRPSOLHVZLWKWKH7LHU,,OLPLWVZKHUHDV7LHU,,,OLPLWVDUHPHW
ZKHQWKHHQJLQHRSHUDWHVLQWKH')PRGH
x 'XULQJWKHHQJLQHGHVLJQSKDVHLWLV')PRGHWKDWSULPDULO\GHILQHVWKHPDMRULW\RIWKHUHTXLUHG
HQJLQHVHWWLQJVWRUHQGHUWKHVWDEOHHQJLQHRSHUDWLRQZKLOVWWKHGLHVHOPRGHHQJLQHVHWWLQJVDUHDGMXVWHG
WRDFKLHYHWKHWDUJHWHGHQJLQH12[HPLVVLRQVOLPLWV
x 7KHSDUDPHWULFVWXG\UHVXOWVDQDO\VLVUHYHDOHGWKDWDVLPXOWDQHRXVIXUWKHUUHGXFWLRQRI12[
DQG&2HPLVVLRQVFDQEHREWDLQHGLIWKHFRPSUHVVLRQUDWLRLVLQFUHDVHGE\+RZHYHUWKLVFDQQRW
EHLPSOHPHQWHGLQWKHFXUUHQWHQJLQHYHUVLRQDVWKHFRPSUHVVLRQUDWLRLQFUHDVHOHDGVWRDQLQFUHDVHG
ILULQJSUHVVXUHZKLFKWKHHQJLQHFDQQRWZLWKVWDQG+RZHYHUWKHLQFUHDVHGFRPSUHVVLRQUDWLRFDQEH
DQRSWLRQIRUIXWXUHHQJLQHYHUVLRQVLQZKLFKKLJKHUILULQJSUHVVXUHFDQEHDFKLHYHG


x 7KH12[&2 HPLVVLRQ WUDGHRIIZLOOEH LQ IDYRXURI12[HPLVVLRQVE\VHOHFWLQJD VHWRI
HQJLQHVHWWLQJVZKHUHWKHFRPSUHVVLRQUDWLRLVNHSWDWLWVUHIHUHQFHYDOXH
,Q FRQFOXVLRQ WKH SUHVHQW VWXG\ SURYLGHV WKH EDVLV IRU WKH HQJLQH RSWLPLVDWLRQ DQG WKH UHVXOWV
FRQWULEXWHGWRWKHEHWWHUXQGHUVWDQGLQJRIWKHLQWHUSOD\EHWZHHQWKHHQJLQHVHWWLQJVDQGWKHSHUIRUPDQFH
HPLVVLRQVSDUDPHWHUV,QWKLVUHVSHFWWKHGHYHORSHGPRGHOLVSURYHGWREHDXVHIXOWRROWKDWFDQEH
HPSOR\HGLQWKHGHVLJQSKDVHIRUWKHPDULQH')HQJLQHGHYHORSPHQW+RZHYHULWPXVWEHQRWHGWKDW
DQHQJLQHRSWLPLVDWLRQH[SHULPHQWDOYHULILFDWLRQLVQHFHVVDU\IRUILQDOLVLQJWKHRSWLPDOHQJLQHVHWWLQJV

$&.12:/('*0(176
:HZRXOGOLNHWRGHHSO\WKDQN0HVVUV$.\UWDWRV$7RPD]RVDQG*9RONPDURI:LQ*'IRUWKHLU
WUXVW VXSSRUW DQG LQSXW ZKLFK PDGH WKLV ZRUN IHDVLEOH *DPPD 7HFKQRORJLHV VXSSRUW LV JUHDWO\
DFNQRZOHGJHGE\WKHDXWKRUV
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